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which are excellent industrially, and the present invention has been completed after further investigations. 

That is» according to a first aspect of the present Invention, there is provided a complex metal oxide powder com- 
prising at least two metal elements, which comprises polyhedral particles each having at least 6 planes, a number aver- 
age particle size of from 0.1 to 500 )im, and a Dgo/D^o ratio of 10 or less where D^o and D90 are particle sizes at 10 % 
5 and 90 % accumulatioa respectively from tiie smallest particle size side in a cumulative partide size curve of the par- 
ticles. 

According to a second aspect of the present invention, there is provided an yttriunrhaiuminum garnet powder com- 
prising polyhedral partides each having at least 6 planes, and an average particle size of 20 to 500 fim. 

According to a third aspect of the present invention, there is provided a mettxxJ for producing a complex metal oxide 
10 powder comprising at least two metal elements* which method comprises calcining a mixture of at least two metal oxide 
powders and/br metal oxide precursor powders, or a metal oxide precursor powder comprising at least two metal ele- 
ments in ttie presence or at)sence of a seed aystal in an atmosphere containing at least one gas selected from tfie 
group consisting of (1) a hydrogen halide, (2) a connponent prepared from a molecular halogen and steam and (3) a 
molecular halogen. 

IS 

BRIEF PESCniPTIQN OF THE PRAWINGS 

Fig. 1 is a scanning electron microscopic photograph (x 172) showing a partide structure of an yttrium-aluminum 
garnet powder observed in Example 1 . 
20 Fig. 2 is a graph showing a partide size distrit>ution of ttie yttriun^aluminum garnet powder of Example 1 , 
Fig. 3 is an X-ray diffraction pattern of the yttriunrv-aluminum garnet powder of Example 1 . 
Fig. 4 is a scanning electron miooscopic photograph (x 172) showing a partide structure of an yttrium-aluminum 
garnet pcwder observed in Example 2, 

Fig. 5 is a graph sfK>wing a particle size d^ibution of tiie yttrium-aluminum garnet powder of Example 2, 
25 Fig. 6 is an X-ray diffraction pattern of the yttrium-aluminum garnet powder of Example 2, 

Fig. 7 IS a scanning electron microscopic photograph (x 3000) showing a partide structure of an yttrium-aluminum 
garnet powder observed in Example 4» 

Fig. 8 is a scanning electron microscopic photograph (x 850) showing a partide structure of an yttrium-aluminum 
garnet powder observed in Exarrple 5, 
30 Fig. 9 is a scanning electron microscopic photograph (x 850) showing a partide structure of an yttrium-aluminum 
garnet powder observed in Example 6. 

Fig. 10 is a scanning electron microscopic photograph (x 850) shewing a partide structure of an yttrium-aluminum 
garnet powder observed in Example 10, 

Fig. 1 1 is a scanning electron miaoscopic photograph (x 425) showing a partide structure of a dysprosium-siteti- 
35 tuted yttrium-aluninum garnet pcwder ot>served in Example 1 2, 

Fig. 12 is a scarviing electron microscopic ptxXograph (x 1720) showing a partide structure of an oxide powder 
observed in Comparative Exarrple 1, 

Fig. 1 3 is a graph showing a partide size cfistribution of the oxide powder observed in Comparative Example 1 » 
Fig. 1 4 is a scanning dectron microscopic photograph (x 425) sfiowing a partide structure of a dysprosiumnalumi- 
40 num garnet powder observed In Example 16, 

Fig. 15 is a scanning electron microscopic pfKrtograph (x 4250) showing a partide structure of an oxide powder 
observed in Comparative Example 5, 

F^. 1 6 is a scanning electron micrDsoopic photograph (x 425) showing a partide structure of an yttrium-iron garnet 
powder ot>served in Exarnpte 17, 
46 Fig. 17 is a scanning electron microscopic photograph (x 1720) showing a partide structure of an oxide powder 
observed in Comparative Example 6. 

Fig. 1 8 IS a scanning electron microscopic photograph (x 850) showing a partide structure of a gadofiniunWron gar- 
net powder obsen/ed in Example 18, 

Fig. 19 is a scanning electron microscopic photograph (x 4250) showing a partide structure of an codde powder 
50 ot)served in Comparative Example 7, 

Fig. 20 is a scanning electron microscopic photograph (x 8500) shewing a partide structure of a powder of a solid 
solution of yttrium oxide and zirconium oxide observed in Example 20. and 

Fig. 21 is a scanning electron microscopic photograph (x 4250) showing a partide structure of a powder of a solid 
solution of yttrium oodde and zirconium GDcide observed in Comparative Example 9. 

55 

DETAILED DESCRIPTION OF THE INVENTION 
The present invention wfll be explained in detail. 
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The complex metal oxide powder of the present invention corrprises at least two metal elements and is a com- 
pound of said at least two metal elemerrts and oxygen. The complex metal oxide powder oomprlsing at least two metal 
elements includes a metal oxide solid solution powder containing at least two compounds each comprising a metal ele- 
ment and oxygen in a solid solution state. 
5 The method of the present invention produces a complex metal oxide by calcining a mixture of at least two metal 
oxide powders arxl/or metal oxide precursor powders, or a metal oxide precursor conrprising at least two metal ele- 
ments in the presence or absence off a seed crystal in an atmosphere containing at least one gas selected from the 
group consisting of (1) a hydrogen halide. (2) a component prepared from a molecutar halogen and steam and (3) a 
molecular halogen. 

10 When the complex metal oxide powder comprising at least two metal elements is produced by the method of the 
present invention, a mixture of at least two metal oxide powders and/or metal oxide precursor powders, or a metal oxide 
precursor powder comprising at least two metal elements is used as a raw material powder. 

The metal oxide precursor is intended to mean a material which gives the metal oxide consisting of at least one 
metal element and oxygen by a decomposition reaction or an oxidation reaction In caldnationp and includes, for exam- 

IS pie, metal hydroxides, hydrated metal oxides, metal Qxyhydroxide. metal oxyhalides. and so on. 

A seed crystal which may be used in the present invention is intended to mean a crystal which functions as a grow- 
ing site for the crystal growth of the metal oxide. Around the seed crystal, the metal oxide grows. Any seed aystal can 
k>e used insofar as it has this function. For example, the complex metal oxide or tfie metal oxide solid sohition, as the 
product, is preferred. 

20 There is no limitation on a manner for adding the seed crystal to the raw material powder. For example, a mixing 
manner such as k>all milling, ultrasonic dispersing, and the like can be used. 

The atx>ve at least two metal oxide powders and/or metal oxide precursor powder disclosed as the raw materials, 
the metal oxide precursor powder connprising at least two metal elements disclosed as the raw material, and those raw 
materials to which the seed aystal is added are generally named as the raw material metal oxide povwder. 

25 The complex metal oxide powder comprising at least two metal elements according to the present invention is a 
complex metal oxide wNch comprises at least two metal elements except a combination of only alkafi metals, and oxy- 
gen, or a metal oxide solid solution in which at least two compounds each comprising a metal element and oxygen are 
present in a soM solution state. An example off such complex metal oxide powder is a complex metal oxide having a 
garnet structure represented t>y the formula: 

30 

(Ma)3(Mb)2I(Mc)04]3 W 

wherein M^, ^ and are the same or different and each represent at least one metal element, provided that all of 
Ma, Mb and Mc are not the same metal element. 
35 In the formula (Q. specif cally. Ma is at least one element selected from the groip consisting of copper, magnesium, 
and rare earth elements (e.g. scandium, yttrium and lanthanum), t)ismuth and manganese, and Mq and Mq are the 
same or different and each at least one element selected from the group consisting of zinc, scandium, alumirum, gal- 
lium, indium, titanium, zirconium, silicon, germanium, tin, vanadium, chromium, manganese, iron, cobalt and nickel. 
In some cases, conrrxxinds do not have the garnet structure due to fonk; radiiof the metal elements Ma, Mb and 

40 Mc- 

More specif icaRy, there are exemplified aluminum garnets such as a complex metal oxkJe of the above formula In 
whk:h Ma is, for exanple, yttrium, and Mb and Mc are tx)th aluminum; yttrium-aluminum garnet of the above fbrrmjia in 
which Ma is yttrium a part of wh»h is replaced by ofher rare earth elefnent(s), and Mb and Mq are kx>th aluminum; dys- 
proshjm-alumirujm garnet of the akXTve formula in wtiich Ma is dysprosium, and Mb and Mq are txitti aluminum; and ttie 
45 l ike. 

Further, there is Offimplif led iron gamel such as yttrluni-ffon garnet ^ 
in whrch Ma is yttrium, and Mb arvJ Mq are both iron; gadolinium-iron or dysprosium-iron garnet as a complex metal 
oxxJe of the above formula in whk^h Ma is gadolinium or dysprosium arxj Mb and Mq are txith iron; et& 

In addition, a gamet of the above formula in wfuch each Ma, Mb and Mq oonsisls of at least two metal elemenis 
50 may be exemplified. 

In the method of the present invention, tlie raw material metal oxkle powder is not limited, and the powder produced 
bf the conventional method can be used. For example, the metal oxide powder or metal oxide precursor powder pro- 
duced by the Hquid phase method, or the metal oxide powder produced t>y the gas phase mettiod or the solid phase 
method may be used. 

55 In the present invention, the raw material metal oxide powder is cateined in the atmosphere gas containing at least 
1 vol. %, preferably at least 5 vol. %, more preferak)ly at least 10 vol. % of the hydrogen halkiebcsed on the whole vol- 
ume of the atmosphere gas. 

As the tiydrogen halkie, hydrogen chforkle, hydrogen brornkfe, hydrogen iodkie and fiydrogen fluoride are used 



4 



EP0666 239B1 



independently or as a mixture of two or more of ttiem. Preferabty, hydrogen chloride, hydrogen bromine and hydrogen 
iodide are used. 

As a component off the atmosphere gas other than the hydrogen halide. that is. a diluent gas. nrtrogen, inert gas 
such as argon, hydrogen, steam or an air can be used. 
5 A pressure of the atmosphere gas containing the hydrogen haFide is not limited, and selected from a pressure 
range which is industriatly used. 

it is possible to carry out the calcination in the atmosphere gas containing a component prepared from the molec- 
ular halogen and steam, in place of the hydrogen halide. 

As the molecular halogen, at least one of molecular chlorine, bromine, iodine and fluorine is used. Preferably, chlo- 
10 rine, bromine and iodine are used. 

The component gas is prepared from at least 1 vol. %. preferably at least 5 vol. %, wore preferably at least 10 vol. 
% of the molecular halogen and at least 0.1 vol. %. preferabty at least 1 vol. %. more preferat)ly at least 5 vol. % of the 
steam, both based on the whole volume of the atmosphere gas. 

In place of the hydrogen halide. the molecular halogen may be used. The raw material metal oxide powder is cal- 
is dned in the atmosphere gas containing at least 1 vol. %. preferably at least 5 vd. %, more preferably at least 1 0 vd. % 
of the molecular halogen based on the whole volume of the atmosphere gas. As the molecular halogen, at least one of 
molecular chlorine. t>romine and iodine can be used. 

As a component of the atmosphere gas other than the corrponent prepared from the molecular halogen and 
steam, or the molecular halogen, that is. a diluent gas, nitrogen, inert gas such as argon, hydrogen, steam or an air can 
20 be used. 

A pressure in the reaction system is not Krrvted, and freely selected from a pressure range which is industrially 
used. 

A manner for si^q^plying the atmosphere gas is not critical insoiar as the atmosphere gas can t>e suppfied to the 
reaction system in which the raw material metal oxide pcwder is present 
2S A source of each component of the atmosphere gas and a manner for supplying each component are not critical 
either. 

For example, as the source of each conponent of the atmosphere gas, a gas in a bomb can be used. Alternatively, 
it is possitjle to prepare the atmosphere gas comprising the hydrogen liafide or the molecular halogen using the evap- 
oration or decortiposition of a halogen compound such as an ammonium haDde, or a halogen-containing polymer such 
30 as a vinyl chloride polymer. The atmosphere gas may be prepared t>y calcining a mbcture of the raw material metal oxide 
and the halogen compound or halogen-containing polymer in a caldnation furnace. 

The hydrogen haTde and the molecular halogen are preferably supplied from the bomb directly In the caldnation 
furnace in view of the operability. The atmosphere gas may be supplied in a continuous manner or a batch manner. 

According to the present invention, when the raw material metal oxide powder is caldned in ttie above atmosphere 
35 gas. the metal oxide g-ows at a site where the raw rnaterialnietal oxide powder i^ 

the raw material metal oxide powder and the atmosphere gas, so that the metal oxide pcwder having the nanrow partide 
size distribulion, but not agglomerated partides, is generated. Accordingly, the desired metal oxide powder can be 
ot>tained. for example, tiy simply filling the raw material metal oxide powder in a vessel and caldning It in the atmos- 
phere gas. 

40 As the raw material metal oxide powder to t>e used in the present tnventioa any material wh'x^h is in a powder form 
rnay be used, and a bulk density off the powder is preferably at least 40 % or less based on a theo^ 
a molded nraterial having the bulk density exceecfing 40 % based on the theoretk:al density is calcined, a sintering reac- 
tion proceeds in the cateinatkxi step, whereby grinding is necessitated to obtain the complex metal oxkle powder, and 
the metal oxkie powder having the narrow partide size cfistribulion may not be obtained in some cases. 

45 A suitable cateination temperature is not necessarily critical since it deperxte on the kind of the intended complex 
metal oxkle, the kinds and concentrations off the fiydrogen halide. the nrK)lecular hak>gen and the conrponent prepared 
from the molecular hatogen and steam, or the catoinalkxi time. It is preferably from 500 to 1 SOO^'C. more preferably from 
600 to 1400''C. When the cakanation time is kiwer than SOO'C, it may be dHfkMlt to obtavi the intended complex metal 
oxkJe comprising at least two metal elements, and a long time is necessary for cateinatk)n. When the caldnatk>n tem- 

so perature exceeds ISOO'^C, many aggtomerated partk:les tend to be contained in the produced complex metal oxMe 
powder. 

A suitable cak;inatk)n time is not necessarily critical since it deperxJs on the kind of ttie interxfed complex metal 
oxide, the Idnds and concentrations of the fiydrogen halide. the mdecular hak>gen and the component prepared from 
the rnolecular halogen and steam, or the cakmiationterTperBtura It is pr^ minute, more preferably at 

ss least 1 0 minutes, and selected from a range in whk^h the intended metal oodde powder is obtained. As the cateinalton 
temperature is higher, the catetnatkxi time is shorter. 

When the raw material metal oodde powder containing the seed crystal is caldned. the caldnation temperature can 
be tower and the cateination tirne can be shorter than those when no seed crystd 
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around the seed crystals as the growing sites 

furnaw. a rotary kfla or a pusher furnace can be ^iMd^ ^ ^ 
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lation. respectively from the smallSSS^^StrL^lS^^^ 10%and90%accumu- 
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method, the oteined value is a p^e slTdSS^^^^ 
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purpose, yttrium-aluminum garnet comprising particles having a particle size of at least 20 iim. more preferat)ly at least 
atx)ut 50 |im can be used. Ttiat is. the atxyve descril^ed method can produce yttrium-alumimjm garnet powder having 
a relatively large average particle size suitat)le for the production of single crystal, in an industrially advantageous proc- 
ess. 

5 According to the present invention, the yttrium-aluminum garnet pcwder having, as the particle size distribution, the 
D90/D10 ratio of 10 or less, preferably 5 or less is readily produced. Further, the garnet pcwder having the ratio of the 
agglomerated particle size to the primary particle size of pr^erat)ly 1 to 3, more preferably 1 to 2 is easily obtained. 

Accordingly, the yttrium-aluminum garnet powder of the present Invention is suitat)le for a fluorescent substance 
properties of which are influenced tiy the particle size, uniformity and dispersibility of the raw material. 

10 The iron garnet pcwder such as yttrium-iron and gadolinium-iron garnet powder of the present invention is a mass 
of particles constituting the powder, and characterized in that ttieir shape and partide size are uniform. 

The shape is a polyhedral sfiape having at least 8 planes. Its particle size and particle size distr&utfon are in the 
specific ranges. The particle size is controlled in the range between about 1 ^m and several hundred jmi. This control 
can be achieved by the selection of the raw material and the calcination conditions of the above described method of 

IS the present invention. 

According to the present invention, the Iron garnet powder having, as the particle size d'strfoution, the D90/D10 ratio 
of 10 or less, preferably 5 or less is readily produced. Further, the garnet powder having the ratio of the agglomerated 
panicle size to the primary particle size of preferably 1 to 3, more preferably 1 to 2 is easily obtained. 

The solid solution powder of yttrium oxide and zirconium oxide is a mass of particles constituting the powder, and 
20 characterized in that their shape and particle size are uniform. The shape is a polyhedral shape having at least 8 
planes. Hs particle size and pEirtide size distribution are In the specific ranges. The particle size is controlled In tiie 
range t)etween atx>ut 0.1 ^m aivJ several ten ^ra This control can t>e achieved t>y the selection of the raw material and 
the calcination conditions of the above descrit)ed method of the present invention. 

According to the present invention, it is possit)le to obtain the various complex metal oxide powders each compris- 
es ing at least two nietaleienrients. which are not agglonrieratedpartidesb^ 
not be hitherto achieved. 

The obtained complex metal oxide powder comprising at least two metal elements is a mass of the uniform poly- 
hedral particles. arxJ can be used in the variety of appfications such as the raw materials of the metal oxide base ceram- 
ics which are used as the functional material or the structural material, as the f 9ler, abrasive or pigment, or the raw 
30 material powder for the production of a single crystal or for flame spray coating. By the selection of the particle size and 
amount of the seed crystal, the complex metal oxide having the above properties and the artxtrarfly controlled particle 
size can t>e obtained. 

Examples 

3S 

Hereinafter, the present invention will be explained in detail by examples, which do not limit the scope of tiie present 
invention in ariy way. 

The measurements in the examples were carried out as folows: 

40 I.Nurrfoer average particle size of metal QKkSe powder 

A scarming electron microscopic photograph of a metal oxide powder was taken using an electron miaoscope (T- 
300 manufactured by N'ppon Electron Co., lid.). From the photograph. 80 to 100 particles were selected and image 
analyzed to calculate an average value of equivalent drde diameters of the particles and the distribution. The equva- 
45 ierft drde dianraler is a diarneter of a circle having tfte same area as that of ea^ 

2. Partide size distribution of metal oxide powder 

The partide size distrit)ution was measured using a master sizer (manufactured by Malvern Instrument. Inc.) or a 
so laser diffraction type partide size distribution analyzer (SALD-1 1 00 manufactured by Shimadzu Corporation). 

The metal oxide powder was dispersed in an aqueous solution of polyamnK)nium acrylate or a 50 wt. % aqueous 
solution off glycerol, and partide sizes at10%.50%and90% accumulatfon. respectively from the smallest partide 
size side in a cumulative partide size curve of the particles were measured as the Di 0, Dso and Dgo. The D50 was used 
as the agglomerated partide size, and the O^^q ratio was calculated as the criterion off the partide size distribution. 

55 

3. Crystal phase of metal oodde powder 

The crystal phase off the metal oxide powder was measured the X-ray diffraction m^hod (RAD-C manufactured 
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by Rigaku Ca, Ltd.) 
^^^"^'^^^^ area (rf metal Qxklep(^ 
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As the hydrogen chloride oas 'wwaiu5!»PS 1200-VR manufactured 

cWoraeraSZTe'h.?^^ 

Phere gas. Anwonium .^.SS^'^'*'^"'*'^ 

caO was used. Sittimation ^ ammonium iodide fWAI«D ii iMVAin . o_ . 
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Bcamplft 1 

^ An yttrium odde powder f Purifv oo a 



4a 



8 



EP0 666 239B1 



ity of 20 mm/min.. tfie powder vwas calcined at IIOO^'C for 60 minutes, followed tsy spontaneous cooling to obtain an 
yttrium-aluminum garnet powder. The weight of the powder in the platinum vessel after calcination was 86 % of that of 
the powder before calcinat'oa 

The obtained powder was the yttrium-aluminum garnet represented by Y3Al^i2 according to the result of the X- 

5 ray Effraction analysis, and no other peak was observed. According to the observation by the scanning electron micro- 
scope, the yttrium-aluminum game* oxide consisted of polyhedral particles having at least 8 planes, and had the 
number average particle size of 40 fim. The agglomerated particle size (D50) according to the partide size distribution 
measurement was 52 ^m. and the Dgo/D^o ^^^^ 2> which indicated the narrow particle size distrbution. The ratb 
of the agglomerated partide size to the number average partide size was 1.3. The results are shown in Table 1. An 

10 electron nrvcroscopic photograph of the obtained powder is shown in l.thepartidesizedistributionisshowninFig. 
2. and the X-ray diffraction pattem is shown in Fig. 3. 

Example 2 

IS In the same manner as in Example 1 except that alpha aluminum oxide (AKP-50 manufactured tsy Sumitomo 
Chemical Ca. Ltd.) (2.549 g) was used in place of the gamma aluminum oxide, a mixed powder of yttrium oxide and 
aluminum oxide was obtained. A bulk density of tfiis powder was 1 7 % of the theoretical value. 

Thereafter, in the same manner as in Exanrple 1 . yttrium-aluminum garnet powder was ok^tained. 

The obtained powder was the yttrium-aluminum garnet represented by Y3AISP12 accordir^g to tfie result of the X* 

20 ray cfiffraction analysis, and no other peak was observed. According to the observation by the scanning electron micro- 
scope, the yttrium-aluminum gamet oxide consisted of polyhedral partides having a cubic shape or a cubic shape with 
comers which were truncated, and had the niffnber average partide size of 38 |im. The aggtomerated partide size 
(Dsq) according to the partide size distritxition measurement was 47 jim. arxJ ttie Dgo/D^o ^tio was 3, which indicated 
the narrow partide size distribution. The ratio of the agglomerated partide size to the number average partide size was 

2S 1.2. The results are shown in Tat)le 1. An electron microscopic photograph of the ot>1ained pcwder is shewn in Fig. 4, 
the partide size distribution is shown in Fig. 5, and ttie X-ray diffraction pattem is shewn in Fig. 6. 

Examples 

30 In the same manner as in Example 1 except that an atmosphere gas consisting of 30 vol. % of chbrine. 10 vd. % 
of steam and 60 vol. % of nitrogen was used in place of the atmosphere gas of 100 vol. % hydrogen chloride, the 
yttrium-aluminum garnet powder was obtained. The results are shown in Table 1 . 

Example 4 

In ttie same manner as in Example 1 except that an atmosphere gas of 100 vol. % of chkxine was used in place of 
the atmosphere gas of 100 vd. % hydrogen chk)ride. and ttie cakanation temperature ms changed to 1150*'C. ttie 
yttrium-aluminum gamet powder was obtained. An electron mk:ro6oopic photograph of the obtained pcwder is shown 
in Fig. 7. The results are shown in Table 1. 

40 

Exgmpl^S 

The mixed powder of yttrium orade and alunvnum oodde which was used as ttie raw material in Exarrple 1 vios cal- 
dned at 1200<t) fbr 3 hours to obtain a seed crystal. According to ttie X-ray diffraction analysis, ttiis seed crystal 
45 showed peaks assi^ed to YAK)^, Y4Al20^. Yfi^, Al^, etc. in addition to ttie peaks assigned to yttrium-aluminum 
gamet represented by Y3Al^i2- 

This seed crystal was added in an amount of 3 wt % to the mixed powder of yttrium oxkle and aluminum oodde 
which was used as the raw material in Example 1 to obtain the raw material powder containing ttie seed crystal. The 
addition manner corrprised dispersing ttie raw material powder and ttie seed crystal by ultrasonic wave in isopropand 
so to prepare a slurry and drying the slun7witti an evaporator and a vacuum drier. 

In ttie same manner as in Example 1 except that ttie atX3ve raw material powder containing the seed crystal was 
used, the yttrium-alurnnum gamet powder was obtained. 

The obtained powder was the yttrium-aluminum garnet represented t)y Y3AI5Q12 according to the X-ray diffraction 
analysis, and no other peak was observed. The results are shown in Table 1 . An electron mk^roscopk: photograph of 
ss the obtained powder is shown in Fig. 8. 
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Exampie 6 

The mixed powder of yttrium oxide and aluminum oxide which was used as the raw material in Exarrple 1 was cal- 
cined at 1400*0 for 3 hours to obtain a seed crystal. According to the X-ray diffraction analysis, this seed crystal 
showed peaks assigned to YgO^. AI2Q3, etc. in addition to the peaks assigned to yttrium-aluminum gamet represented 
byYgAlsOia. 

In the same manner as in Example 5 except ttiat the above seed crystal was used, the yttrium-aluminum gamet 
powder was obtained. Ihe results are shown In T^e 1 . An electron microscopic photograph of the obtained powder is 
shown in Fig. 9. 

Example 7 

An yttrium oxide powder (Manufactured by Nippon Yttrium Co.. Ltd. Purity of 99.9 %. and an average particle size 
of 0.4 Jim) (3.387 g) and aluminum oxkie (AKP-G15, gamma aluminum oxide manufactured by Suntitomo Chemical 
Co., Ltd. Purity of 99.99 %) (2.952 g) were charged in isopropanol (100 g) and wet mixed, foltowed by removal of iso- 
propanol to obtain a mixed powder of yttrium oxkie and aluminum oxide (A ratio of YiAl » 3:5.5). This powder was used 
as a raw material powder. 

TWs powder was charged in a platinum vessel, placed in the quartz muffle, and heated from room tenperature at 
a heating rate of 300*C/hr. while flowing ttie nitrogen gas at a linear velocity of 20 mm/hiin. When the temperature 
reached 400*C. the nitrogen gas was changed to an atmosphere gas of 10 vol. % of hydrogen chloride and 90 vol. % 
of nitrogen. Witti this atmosphere gas f kiwing at a linear velocity of 20 mm/min.. ttie powder was catetned at 1 1 0O'C for 
60 minutes, foUowed by spontaneous cooling to obtain an yttrium-aluminwn gamet powder. The results are shown in 
Table 1. 

Example g 

In the same manner as in Example 1 except ttiat the same raw material mixed powder was calcined at 900'C, the 
yttriunvaluminum gamet powder was obtained. According to ttie X-ray diffraction analysis, it was confirmed that the 
obtained powder was a svigle phase of yttriuni^uminum garnet Tlie results are shown in Table 1 . 

Example 9 

The nixed powder of yttrium orade and aluminum oxide as used in Example 2 was precaldned at 1200'C in m air 
for 3 hours. According to the X-ray drff ractkm analysis, the cak:ined powder showed peaks assigned to YAIO^, Y4AI2O&, 
Y2Q3, AI2Q3, eta in additfon to ttie peaks assigned to yttrium-aluminum garnet represented by Y3AI5O12- 

The cak^ined powder contained partly formed yttrium-aluminum garnet, that is, a seed cr^tal of yttrium-aluminum 
gamet 

In the same manner as in Exarrple 1 except that the ^ve powder was used as the raw material powder, the 
yttrium-aluminum garnet powder was otytained. According to the X-ray diffraction analysis, ttte obtained powder was a 
single phase of ttie yttriunvialuminum gamet According to ttie observation by ttie scanning electron microscope, ttie 
yttrium-ahjminum garnet oxkie consisted of polyhedral parttetes having a cube shape or a cubk: shape corners of whk;h 
were truncated. The resiite are shown on Table 1. 

Exgrnpteip 

The raw material powder as used in Example 7 was filed in ttie alumina vessel, placed in ttie quartz muffle, and 
heated at a heating rate off 300*C/hr. When ttie temperature reached 400'*C. a sibOmation deconrpositton gas of ammo- 
mum bromide was introduced in the muffle, and in ttiis decomposition gas atmosphere, ttie powder was calcined at 
1 100*C for 60 minutes, followed by spontaneous cooling to obtain ttie yttrium-aluminum garnet powder. The coirpo- 
nents of ttie decomposed gas of ammonium bromkie at 1 lOO^C were hydrogen bromkie gas, nitrogen and hydrogen in 
a volume ratio of 33 : 17 :50. 

Fig. 8 is ttie electron rrucroscopic photograph showing ttie parttde structure of ttie otrtained powder. Acconfing to 
ttie X-ray diffraction analysis, it was confimned that ttie powder was a single phase of yttrium-aluminum garnet. The 
resuKs are shown in Table 1. 
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Exannplfi12 

in the same manner as in Example 1 1 except that a dysprosium oxide powder (Manufactured by Nippon Yttrium 
Co.. Ltd. Purity of 99.99 %) (0.5595 g) was used in place of the terbium oxide powder, the raw material mixed powder 
in which 5 atomic % of yttrium was replaced by dysprosium was prepared. 

In the same manner as in Example 1 except that the above raw material mixed powder was used, the dysprosium- 
replaced yttriunrv^luminum garnet was obtained. 

Fig. 11 is the electron microscopic photograph showing the structure of the obtained powder. 

According to the X-ray diffraction analysis, it was confirmed that the obtained powder was a single phase of yttrium- 
aluminum garnet According to the inductively coupled plasma analysis, it was confirmed that the produced particles 
contained 4.5 atomic % of dysprosium. The results are shown in Table 2. 

Example 13 

An yttrium oxide powder (Manufactured t)y f^fippon Yttrium Ca, Ud. Purity of 99.9 %, and an average partide size 
of 0.4 ^m) (4.968 g) and an aluminum oxide powder (AKP-G15, gamnna alumina manufactured by Sumitomo Chemical 
Co., Ltd. Purity 99.99 %) (1.181 g) were charged in isopropanol (100 g) and wet mixed, followed by removal of isopro- 
panol to obtain a nraxed powder of a raw material mixed powder (Mixed ratio of Y:AI ~ 3:1 .5). In the same manner as In 
Example 1 except tfiat this raw material mixed powder was used, the raw material powder was calcined. 

TTie obtained power comprised the polyhedral partides and a byixoducl. 
sis, it was conformed tfiat the polyfiedral particles were yttriunvalunvnum garnet, and the by-product was yttrium oxy- 
chloride (YOCI). YOCi was easily removed by washing, and yttrium-aluminum garnet was selected. The results are 
shown In TaK)le 2. 

Example 14 

An yttrium oxide powder (Manufactured by Nippon Yttrium Ca, Ud. Purity of 99.9 %, and an average particle size 
of 0.4 |un) (2.936 g) and an aluminum oxide powder (AKP-G15, gamma alumina manufactured t>y Sumitomo Chemical 
Co., Ltd. Purity 99.99 %) (3.256 g) were charged in isopropanol (100 g) and wet mixed, follcwed by removal of isopro- 
panol to obt^n a mixed powder of yttrium oxide and aluntinum oxide (Mixed ratio of Y:AI = 3:7) as a raw material pow- 
der. In the same manner as in Exarnple 1 except that this raw material mixed powder was used, the raw material powder 
was caldned. 

The obtained power comprised the polyhedral particles and particles having relatively small particle sizes. Accord- 
ing to the X-ray diffraction arialysis, it was confirmed that the polyhedral particles were yttrium-aluminum garnet and the 
small size particles were a-AA^. a-Ai^ was removed by sieving, and yttrium-aluminum garnet was selected. The 
results are shown in Table 2. 

Example 15 

The raw material powder as used in Example 1 was cfiarged in the platinum vessel, placed in the quartz muffle, 
and heated at a heating rate of SOO^'C/hr. When the temperature reached 400''C, a sublimation decomposition gas of 
ammonium iocfide was Introduced in the miffle, and in tNs decomposition gas atmosphere, the powder was calcined at 
1200'*C for 60 minutes, followed by spontaneous ooofing to obtain the yttrium-alunvnum giarnet powder. The compo- 
nents of tiie decomposed gas of ammonium iodide at 1200*0 were hydrogen iodide gas. Iodine, retrogen arxJ hydrogen 
in a volume ratio of 25£:16:52. 

According to the X-ray diffraction analysis, it was confirmed tfiat the obtained powder was a single phase of yttrium- 
aluminum garnet The results are shown in Table 2. 

Comparative Examples 1 and2 

The mixed powder of yttrium oxide and aluminum oxide as used In each of Examples 1 and 2 was caldned in an 
air at 1200''C for 3 hours to obtain the respective oxide powder. 

According to the X-ray diffraction ana^sis of the oxide powder, the oxide powder showed peaks assigned to YAK)^, 
Y4AI2O9, Y20d, Al20^, etc. in addHion to the peaks assigned to yttrium-aluminum garnet represented by y^MsP^2' 
According to the observation by the scanning electron microscope, no polyhedral partide was formed, and tfie partides 
had irregular shapes and were in the agglomerated state. 

The powder of Corrparative Example 1 had the nunt>er average partide size of 0.2 |im. The agglomerated partide 
size (D50} according to the partide size distribution measurement was 4 |im. and the D90/D10 ratio was 15, whk;h indi- 
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^ed^tiie broad particle size 

The results are shomi in Table 2. The scanning electron microscopic photograph of the powder obtained in Com 
2Tr^.^.%^?^^^"'^^ ^^•^epar.de.zed^^uti^the'poS^ 

Comparative Examplfl^ 

The raw material mixed powder as used in Exanple 1 was calcined in the air at lanoT Am^i^ *k« v 

Slate; and no yti™««lun™num garnet havingaunH^ 
CQin)araliveExannpli.ii 

AcroidingtolheXHaydiffractk^ 
AW3. «c. r, addrtion to the peaks assigned to yttrium-aluminum garnet r^^^Z^J^,^^^ 5S 
otee^on by s^.^ electron miaosccpe. no polyhedral pSe Zt^ 1 Sfe^S^ 
shapesand«ereintheagglomeiatedslate.-n>eresuHsaresho«(»nlnTable2. ™ pamaes naa wegUar 
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the dysprosium-aluminum garnet oxide consisted of polyhedral partdes having at least 8 planes, and had the number 
average particle size of 44 (Lm. The agglomerated particle size (D50) according to the particle size distribution meas- 
urement was 53 and the D90/D10 ratio was 3. which indicated the narrow particle size distribution. The ratio of the 
agglomerated particle size to the number average particle size was 1 .2. The results are shown in Table 3. An electron 
microsoopic photograph off the obtained powder is shown in Fig. 14. 

Conparative Example 5 

The nrvxed powder of dysprosium oxide and aluminum oxide as prepared in Exanrple 16 was calcined in an air at 
1200''C for 3 hours to obtain an oxide powder. 

According to the X-ray diffraction analysis of the obtained oxide powder, peaks assigned to Al2Dy409, AIDyOa, 
Dy203, AI2O3. etc. were observed, but no peak to be assigned to the dysprosiunvaluminum garnet represented by 
Dy3Al50i2 was observed. According to the observatfon by the scanning electron microscope, no polyhedral particle 
was formed, and the particles had irregular shapes and were in the agglomerated state. The results are shown in Table 
3. The electron microphotograph of the obtained powder is shown in Fig. 15. 

Hereinafter. Examples and Comparative Examples for yttriunn'ron gamet, gadoliniumHron garnet, and dysprosium- 
iron garnet will be explained. 

Example 17 

Gamma iron (111) oxide (A BET specific surface area of 34.4 nrf /g) was charged in an alumina crucible and heated 
in an air at a heating rate of 300'C/hr. and at 1000*C for 3 hours to obtain an iron oxide powder. This powder had tfie 
BET specific surface area of 0.8 m^/g. 

The atxive iron oxide and an yttrium oxide powder (Purity of 99.9 %. A center partide size of 0.4 |U7i. Manufactured 
by Nippon Yttrium Co.. Lid.) were weighed so that the molar ratio of yttrium to iron was 3 : 5. and mixed hi isopropand 
(WAIOD JUNYAKU. Special Grade Chemical) with dispersion of the powders by the application of ultrasound, fbitowed 
by removal of isopropand by an evaporator and a vacuum dryer to obtain a mixed powder of yttrium oxide and iron 
oxide. This powder was filed in a platinum vessel. 

Then, the powder was placed in the quartz muffle, and heated from room temperature at a heating rate of 3O0''C/hr. 
while passing the nitrogen gas at a linear velocity of 20 mnVmin. When the temperature reached eoo^'C, the Imogen 
gas was changed to an atmosphere gas consisting off 1 0 vol. % of hydrogen chloride and 90 vol. % of nitrogen gas. With 
this atmosphere gas flowing at a linear vek)city of 20 mm/hun., the powder was caldned at 1000*C for 60 minutes, fol- 
kwved t)y spontaneous cooling to obtain an oxide powder. 

The obtained powder was the yttrium-iron gamet represented by Y3Fe^t2 according to the X-ray diffraction anal- 
ysis, and no otfier peak was ot)served. According to the observation tjy the scanning electron microsoope. the yttrium- 
iron gamet powder consisted of polyhedral partides having at least 8 planes, and had the number average partide size 
of 1 3 |tm. The aggtomerated partide size (Dsq) according to the partide size distribution measurement was 1 6 |mi, and 
the D9q/D^o ratio ^» indicated the narrow partide size distribution. The ratio of the agglomerated partide size 
to the number average partide size was 1 .2. The results are shown in Table 3. An electron microscopic photograph of 
the obtained powder is shown in Fig. 16. 

Comparative Example 6 

The mixed powder of yttrium oxide and iron oxide as prepared in Example 1 7 was caldned in an air at 1 100**C for 
one hour to obtain an oxide powder. 

According to ttie X-ray diffraction analysis of the obtained oodde powder, peaks assigned to Y2Q3 and FegQs were 
mainly observed, and only smaH peaks assigned to YFeOs and YaPesQia were observed. According to ttie observation 
by ttie scanning electron miaoscope. no polyhedral partide was formed, and tiie partides had irregular shapes and 
were in the agglomerated state. The results are shown in Table 3. The electron microphotograph off the obtained powder 
is shown in Fig. 17. 

Example 18 

Gamma iron (111) oxide (A BET specific surface area of 34.4 m?/g) was charged in an alumina crudUe and heated 
in an air at a heating rate of 300^C/hr. and at 1 0OO^'C for 3 hours to obtain an iron oxide powder. 

The above iron oxide and a gadoBnium oxxJe powder (Purity of 99.99 %. Manufactured by N^)pon Yttrium Co.. Ltd.) 
were weighed so ttiat the molar ratio of gadolinium to iron was 3 : 6, and ntixed in isopropanol (WAKO JUf^AKU. Spe- 
cial (Brade Chenrncal) witti dispersion of ttie powders by ttie application of ultrasound, foltowed by removal of isopropa- 
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the agglomerated state. The resute are sf^rrXs^f^i^^^^^'*' regular shapes and were in 
shown in Rg. 19. ™* ^- ^« "^^Ph^^ 

Example 1Q 
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J^o.-^««gar„.J:l^.^S^ 
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scanning electron microscope.^TOpolyh^^^ observation by the 

Ihe agglomerated statalSTesl^Set^^ 
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so were dissolved in pure water (Mnn\ *• **a"«*c«ured by Nippon Yttrium Co.. Ud.) (28.26 
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Changed to an atmo^here gas c?S)WlT^^ «« flas was 
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microscopic photograph of Ihe obtained powder is shown in Fig. 20. 
Coriparative Exanple 9 

5 The precursor powder of solid solution of yttrium oxide and zirconium oxide as prepared in Example 20 was cal- 
cined in an air at 1200''C for one hour to obtain a solid solution ponder of yttrium oxide and zirconium oxide. 

According to the observation by the scanrting electron microscope, no polyhedral particle was formed, and the par- 
ticles had irregular shapes and were in the agglomerated state. The results are shewn in Table 3. The electron micro- 
photograph of the otitained powder is shown in Rg. 21. 
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45 Claims 

1. A complex metal oxide powder comprising at least two metal elements, which comprises polyhedral particles each 
having at least 6 planes, a number average particle size of from 0.1 to 500 irni, and a D90/D10 ratio of 10 or less 
where 0 and Dgo are particle sizes at 1 0 % and 90 % accumulation, respectively from the smallest particle size 

so side in a curnulative particle size curve of the partidesw 

2. TTie complex metal oxide power according to daim 1 , wherein said nurTi>er average particle size is from 0. 1 to 300 
|im. and said Dso^to >s ^ or less. 

55 3. The complex metal oxide power according to daim 2, wherein a ratio of an agglonnerated partide size to a primary 
partide size is from 1 to 6. 

4. The complex metal oxide power according to claim 3. wherein a ratio of an agglomerated particle size to a primary 



21 



EP0 666239B1 

particle size is from 1 to 3. 



10 



IS 



(Ma)3(Mb)2[(Mc)04]3 

same or different and each m least one^eZt^2,S2r^"JS^ manganese, and and Mc are the 
ganium. indiunv titanium, m:^ ^,^^^^ °» ^ «andium. aluminum, 

nickel. ^'"'^ 8*™™^ *"-*a™*^chromiunx manganese, iron, 

^ 11. „^"^«'™«'»i*PO«deracco^^ 

« <3-^««mplexmetaloxidepa«rieraeco«fnfltoclaiml2,wherehMAi8y^ 

14. ^e<»mplexm8tal«idep<«deraccortnBlodaim12.wl,erei^ 
^ ^«^^«»^melal«idep«^acconinfltodaim12.w^^ 

mlnumaxideanSilalSrSSeiJ^^ 
«««ainin8a.leas,onegassiiS^T^*^^ 
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(1) a hydrogen haiide. 

(2) a conrponent prepared from a molecular halogen and steam and 

(3) a molecular halogen. 

21. The yttrium-aluminum garnet powder aocoiding to daim 20. wherein a part of yttrium elements are replaced by at 
least one metal selected from rare earth elements* chromium, cdbaXi and nickel. 

22. TTie yttriunvaluminum garnet powder according to claim 20, wherein said atmosphere gas contains at least 1 vol. 
% of said hydrogen haiide, or at least 1 vol. % of said molecular halogen, or said component gas prepared from at 
least 1 vol. % of said molecular halogen and at least 0.1 % of steam. 

23. The yttrium-aluminum garnet powder according to claim 20. wherein said hydrogen haiide (1) is hydrogen chloride 
or hydrogen bromide, and said molecular halogen in (2) or (3) is chlorine or bromine. 

24. A method for producing a oonrpIeK metal oxide powder comprising at least two metal elements, which method com- 
prises calcining a rnxture of at least two metal oxide powders and/or metal oxide precursor powders, or a m^ 
oxide precursor powder corrprising at least two metal elements in an atmosphere containing at least one gas 
selected from the group consisting of: 

(1) a fiydrogen haiide, 

(2) a corrponent prepared from a molecular halogen and steam and 

(3) a molecular halogen. 

25. The mettiod according to claim 24, wherein a gas contained in said atmosphere gas is a hydrogen haiide. 

26. The method according to claim 25, wherein said hydrogen haiide is hydrogen chloride, hydrogen bromide or hydro- 
gen iodide. 

27. The method according to claim 25. wherein a concentration of said hydrogen haiide in said atmosphere gas is at 
least 1 vol. %. 

28. The method accorcfing to daim 24, whereni a gas contained in said atmosphere gas is said corrponent prepared 
from a molecular halogen and steam. 

29. The method according to daim 28. wherein said molecular halogen is chlorine, bromine or iodina 

30. The method according to daim 28. wherein said component prepared from a mdecular halogen and steam is a 
conponent prepared from at least 1 vd.% of said rndecular halogen and at least 0.1 vol. % of steam, bcth based 
on said atmosphere gas. 

31. The mettiod according to daim 24, wherein a gas contained in said atmosphere gas is a molecular halogen, said 
mdecular halogen is chlorine, bromine or iodine, and a concentration of said mdecular halogen in said atmosphere 
gas is at least 1 vol. %. 

32. The method according to daim 24. wherein a bulk density of saki mixture of at least two metal oxkie powders 
and/or metal oxkie precursor powders, or sakJ metal oxkie precursor powder comprising at least two metal ele- 
ments is 40 % or less of a theoretk»l densi^. 

33. The mettiod according to dam 24. wherein sakS complex metal oxide powder is obtained at a site where saki mix- 
ture of at least two metal oodde powders and/a metal oxkie precursor powders, or saki metal oxkie precursor pow- 
der oonrprising at least two metal elements is present 

34. The mettKXl accordkig to daim 24, wherein said at least two metals are a combination of metals exduding a com- 
bkiation of alkali melals only. 

35. The method according to daim 24, wherein said complex metal oxkie powder is a sdU sdution powder of metal 
oxides. 
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36. The method acccxding to daim 34. wherein said conplex metal oxide is a complex metal oxide powder having a 
g£imet structure represented by the forrrula: 

(Ma)3(Mb)2I(Mc)04]3 

5 

wherein Ma. Mb and Mq are the same or different and each represent at least one metal element, provided that all 
of Ma. Mb and Mc are not the same metal element 

37. The method according to claim 36. wherein Ma is at least one element selected from the group consisting off cop- 
10 per, magnesium, calcium, rare earth elements, txsnuth and manganese, and Mb and Mc are the same or different 

and each at least one element selected from the group consisting of zinc, scandium, aluminum, gallium, indium, 
titanium, zirconium, silicon, germanium, tin. vanadium, chromium, manganese. Iron, cok>alt and nickel. 

38- The method according to daim 37. wherein Ma is yttrium, and Mq and Mq are both aluminum. 

15 

39. The mrthod accoiding to daim 37. wherein Ma is yttrium a part of which is replaced by other rare earth element, 
and Mb and Mc are both aluminum. 

40. The method according to claim 39. wherein said other rare earth element is terbium or dysprosium. 

20 

41. The method according to daim 37. wherein Ma is dysprosium, and Mb and Mc are both aluminum. 

42. The method according to daim 37, wherein Ma is a rare earth element and Mb and Mc are b^ 

25 43. The inethod according to daim 42. wherein said rare earth eleniert IS yttrium 

44. The method aocorcfing to daim 35, wherein said solid solution is a solid solution off ziroonhim ODdde and yttrium 
Qxida 

30 45. Tlie method accoiding to any one erf daims 24 to 44, wherein said caldnaliOT 
seed crystal. 

46. The method according to daim 45. wherein a bulk density off saW seed crystal is 40 % or less of a theoretical den- 
sity. 

35 

Patentanspruche 

1. PulvereineskomplexenMetalloxids, umffassendwenigstens2 metallische Elemente,daspolyedrischeTeilchen mit 
jeweils wenigslens 6 f=iachen. ein Zahlenmittel der TeitehengrOBe von 0,1 bis 500 jim und ein Dgo/DiQ-Verhattnis 

40 von 10 Oder weniger umfaBt. wobd Dio bzw. Dgo die TeitehengrOBen bei 10% bzw. 90% Akkumulalion von der 
Seite der Weinslen TeitehengrOBe her m einer kumulativen TeiTchengrOBenkurve der Teitehen dnd. 

2. Pulver eines komplexen Metaltoxids nach Anspruch 1 , wobei das Zahlenmitlel der TeilchengrOBe 0,1 bis 300 jim 
betrftgt und das Pgo/D^o-Vertiaitnls 5 oder weniger ist 

^ 3. Pulver eines koiTf)lexenMelaltaxids nach Anspruch 2^ 
primarer Teflchengroee 1 bis 6 ist 

4. Pulver eines konplexenMetaltoxids nach Anspruch 3, wobei das VerhaitTO 
so primflrer TeitehengrOBe 1 bis 3 ist. 

5. Pulver eines konvlexen Metaltoodds nach Anspruch 3. wobei das Zahlenmitlel der TeitehengrOBe 20 bis 300 |un 

betrdgt. 

55 6. Pulver eines komplexen MetaHoxids nach einem der AnsprOche 1 bis 5, wobei die wenigstens 2 Metalle eine Kbm- 
binalion von MetaDen sind, bei der die Kbmbinatton von ledigBch Alkaimelallen ausgescMossen ist. 

7. Pulver emes korrplexen Metalloxids nach einem der AnsprOche 1 bis 5, das ein Pulver einer festen LOsung von 
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Metalloxiden ist. 

a Pulver eines konplexen Metalfoxids nach Anspruch 6, das ein Pulver eines kmplexen Metalioxids mit Granatstruk- 
turderFormel: 

5 

(MA)3(MB)2[(Mc)04b 0) 

ist, in der M^, und Mq gleich Oder verschieden sind und jeweils fur ein metallisches Element stetien, mit der 
MaBgabe. daB nicht alle M^. Mq und Mq das selbe metallische Element sind. 

10 

9. Pulver eines komplexen Metalioxids nach Anspruch 8. wobei Mp^ wenigstens ein Element der Gruppe Kupfer. 
Magnesium. Calcium, Seltenerdetemente, Bisnut und Mangan Ist, und Mb und Mq gleich Oder verschieden sind 
und jeweils wenigstens ein Element aus der Gruppe Zink. Scandium. Aluminium, Gallium, Indium, Titan. Zirkon, 
Silizlum, Germanium. Zinn. Vanadium, Chrom. Mangan, Eisen, Kbbalt und Nickel sind. 

IS 

10. Pulver eines komplexen MetaDoxkis nach Anspruch 9. wobei Ma ein Seltenerdelement ist und Mb und Mq bekle fur 
Aluminium stehen. 

11. Pulver eines komplexen Metalioxids nach Anspruch 9. wobei Ma fQr Dysprosium steht und Mq und Mq beide fOr 
20 Alumnnium stehen. 

12. Pulver eines komplexen Metaltoockis nach Anspruch 9. wobei Ma ein Seltenerdelement ist und Mb und Mq bekie fQr 
Eisen stehen. 

2S 13. Pulver eines komplexen Metalloxkls nach Anspruch 12. wobei Ma fQr Yttrium steht 

14. Pulver eines komplexen Metalioxids nach Anspruch 12. wobei Ma fQr Gadolinium stehL 

15. Pulver eines komplexen Metalioxids nach Anspruch 12, wobei Ma fOr [Dysprosium steht. 

30 

16. Pulver eines komplexen Metalloxxis nach Anspruch 7. wobei die teste Losung eine teste LOsung von Zirkonoxid 
und Yttriumoxid isL 

17. Yttrium-AluminiunrvOranatpuiver. umfassend polyedrische Teilchen mit jeweils wenigstens 6 FIdchen und einer 
35 mittlerenTeilchen^Bevon20bi8500|im. 

18. Yttrium-Aluminiun>^ranatpUver nach Anspruch 17. das eine TeitehengrOBenverleilung aufwetst. die durch ein 
Dgo/D^o'Verhaitnis von 10 Oder weniger wiedergegeben wird, wobei Dfo bzw. D90 die TeOchengrOBen bei 10% bzw. 
90% Akkunnilation von der Seite der Meinsten TeitohengrOBe her in einer kumulativen TeilchengrOBenkurve der 

40 Teik^hen sind. aus denen das Yttriunn-AluminiunfvGrBnatpulver besteht 

19. Yttrium-AhiminiunfhGranatpiiver nach Anspruch 17 oder 18, wobei ein TeD der Yttriumelemente durch wenigstens 
ein MelaB. gewOhlt aus Seitenerdelementen. Chrom. Kbbalt und Nickel, ersetzt isL 

4s 20. Yttrium-Aluminium-Granatpidver. umfassend polyedrische Teilchen mit Jewells wenigstens 6 FIdchen. das herge- 
stelH wird, indem Yttriumoxid und/oder eine Yttriumoxidvorstuffe. die beim Erhitzen YttriunfKsdd erzeugt und Alumi- 
ntunK>xid und/oder eine Aluminiumoxidvorslufe; die beim Erhitzen Aluminiumoxkl erzeugt. in einer Atmosphdre. die 
wenigstens ein Gas. gewfthlt aus der Gruppe 

50 (1) Hak)genwasserstoff 

(2) Bestandteil, hergestellt aus nwlekularem Halogen und W^sserdampf. und 

(3) molekularem Halogen, 
enthait. gebranntwiid. 

55 21. YttriunvAluminiunKBranatpuh^er nach Anspruch 20, wobei ein Teil der Yttriumelemente durch wenigstens ein 
Metall, gewdhK aus Seitenerdelementen. Chrom, Kobalt und Nickel, ersetzt ist 

22. Yttrium-AluminiunrvGranatpuh^er nach Anspruch 20. wobei das Ahnosphdrengas wenigstens 1 Vol.% Hatogenwas- 
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10 



enthait. 



(1) Haiogenwassersloff 



40 



45 



50 



55 



25. V«*»'-nachAnspnK:h24.«*eldaslmAm«^ 

29. ^feri^ennachAnspruch28.wobeidasmolekulareHalogenCWor.^ 

ist. jeweils bezogen auf das Ahnosphflrerwk ^ ^ Vtesseidarrpf hergestellter Bestandteil 

w«ilgstens1Vbl.%beWgt 

pulver. umbssend wenigstens 2 wSSSiJ^iJeS^jSl^^ *^ Meto«o«M,rstulen- 

(Ma)3(MW2I(Mc)04]3 
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37. Verfahren nach Anspruch 36, wobei wenigstens ein Element der Gruppe Kupfer, Magnesium, Calcium, Sel- 
tenerdelemente. Bismut und Mangan ist und Mb und Mq gieich Oder verschieden sind und jeweils wenigstens ein 
Element aus der Gruppe Zink. Scandium, Aluminium, Gallium, Indium, Tilan. Zirkon, Silizium, Germanium. Zinn, 
Vanadium, Chrom, Mangan, Eisen, Kbbalt und Nickel sind. 

5 

38. Verfahren nach Anspmch 37, wobei Ma fOr Yttrium steht und Mb und Mq beide fOr Aluminium stehen. 

39. Verfahren nach Anspruch 37, wobei M^ fOr Yttrium, wcvon ein Teil durch ein weiteres Sefteneidelement ersetzt ist, 
steht und Mq und Mq beide fur Aluminium stehen. 

10 

40. Verfahren nach Anspruch 39, wobei das weitere Seltenerdelement Terbium Oder Dysprosium ist. 

41. Verfahren nach Anspruch 37, wobei M^ fur Dysprosium steht und Mq und Mq beide fQr Aluminium stehen. 

15 42. Verfahren nach Anspruch 37, wobei M^ fQr ein Seltenerdelement steht und Mq und Mq beide fQr Elsen stehen. 

43. Verfahren nach Anspruch 42, wok>ei das Seltenerdelement Yttrium, Gadolinium oder Dysprosium ist. 

44. Verfahren nach Anspruch 35, wok)ei die teste LOsung eine feste LOsung von ZirkonoxKl und Yttriumoxid isL 

20 

45. Verfahren nach einem der AnsprQche 24 t>i8 44, wot>ei das Brermen in Gegenwart eines Impfkristalls durchgefOhrt 

wind. 

46. Verfahren nach Anspruch 45. wot>ei die Schutldichte des Impfkristalls 40% oder weniger der theoretischen Dk:hte 
25 k>etr&gt. 

Revendications 

1. Poudre d'oxyde m^tallique complexe comprenarrt au moins deux 6l§ments m^talliques, qui comprend des particu- 
30 les poly6driques ayant chacune au moins 6 plans, une granukim^trie mpyenne en nombre de 0,1 d 500 }im, et un 

rapport D^q/Diq de 10 ou moins, Dio et Dgo 6tant les granukxndtries k une aocumulatkxi de 10 % et 90 %, respec- 
tivement depuis le c0t6 de granuk)m6trie la plus faible dans une court>e granulom6trique cimjl6e des partlcules. 

2. Poudre d*axyde m6lallique complexe selon la revendication 1, caract6ris6e en ce que ladite grarulorndtrie 
35 nrioyenneennonrt)reestdeO,1 d 300 |un,etledit rapport D^o/Dio est Sou moins. 

3b Poudre d'cxyde m^talfique complexe selon la revendication 2. caract6ris6e en ce que le rapport d'une granuk)m6- 
triecumul6edunegranuk>m6trieprimaireestde1 d6. 

40 4. Poudre d'cxyde m^tallique complexe selon la re^erKfication 3, caract6ris6e en ce que le rapport dHjne granulom6- 
trie cumul6e d une granutomdtrie primaire est de 1 d 3. 

5. Poudre d*CKyde m^lique complexe selon la revendwation 3, caract6ris6e en ce que ladite granulonn6trie 
moyenne en nombre est de 20 d 300 |im. 

4S 

6. Poudre d*oxyde mdtaHique complexe sek>n Tune des revencficatk)ns 1^5, caract6ris6e en ce qu*au moins lesdits 
deux m^taux sont une oonrtHnaison de m6taux d I'excluston d\m 

7. Poudre d*oxyde m^taUkfue complexe selon Tune des revendications 1^5, caract6ris6e en ce qu*elle est une pou- 
so dre en sdutkHi solkie d'oxydes mdtalliques. 

8. Poudre d*axyde mtelfique complexe sekxi la ro/endk»lk)n 6» caract6ris6e en ce qu'elle est une poudre d'oxyde 
m6tallique complexe ayant une structure ^'enat representee par la formule: 

« (Ma)3{Mb)2[(Mc)OA (D 

dans laquelle M^. Mb et Mq sont semUables ou dWerents et repr6sentent chacun au nmins un element m6talfique, 
k condition que tous les M^. Mq et Mq ne soient pas le m§me 6l6ment m6lalliqua 
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d. Poudre d'oxyde m^laliique conrplexe seton la revendication 8» caract6ris6e en ce que M;^ est au moins un ^^ment 
choisi dans le groupe form6 par le cuivre, le magnesium, le calcium, les 6l6ments de tenre rare, le bismuth et le 
manganese, et Mb et Mq sont semblables ou diff6rents et chacun sont au nnoins un 6l6ment choisi dans le groupe 
1brm6 par le zinc, le scandium, ('aluminium, le gallium. llrKlium, le titane, le zirconium, le silidum. le gemanium, 
5 retain, le vanadium, le chrome^ le manganese, le fer, le cobalt et le nickel. 

10. Pbudre d'oxyde m6tallique complexe selon la revendication 9. caract^is^e en ce que est un 6l6ment de terre 
rare et Mq et Mq sont tous deux Taluminium. 

10 11. Poudre d*oxyde m^tallique complexe selon la revendication 9, caract6ris6e en ce que est le clysprosium, et Mb 
et Mq sont tous deux raluminium. 

12. Poudre d'oxyde m§tallique complexe selon la revendication 9, caract^is6e en ce que Ma est un 6l6ment de terre 
rare, et Mb et Mc sont tous deux le fer. 

IS 

1 3. Poudre doxyde m^tallique complexe selon la revendication 1 2, caract6ris6e en ce que M^ est Tyttrium. 

14. Poudre d'oxyde m6tallique complexe selon la revendication 12, caract6ris6e en ce que Ma est le gadoiinkjm. 

20 15. Pdudre d'oxyde mtelfique complexe selon la revendication 12, caract^ris^ en ce que Ma est le dysprosium. 

1 6. Poudre d'oxyde m^tallique complexe selon la revendication 7, caracl6ris6e en ce que ladite solution soiide est une 
solution soiide d'oxyde de zirconium et d'oxyde d'yttrium. 

25 17. PDudre de gr^yaX d'yttrium-aluminium, comprenant des particules poly6driques ayant chacune au moins 6 plans, 
et ayant une granulom^trie moyenne de 20 k 500 |un. 

18. Poudre de grenat dVttrium-aluminium selon la revendication 17, caract6ris6e en ce qu*elle a une distritxition gra- 
nulom^trique representee par le rapport Dgo/Dio 6gal d 10 ou moins, Dio et Dgo etant des granulometries d 10 % 

30 et 90 % d'accumulation. respectivement depuis le cdte de granulom6trie la plus faible darts une court>e granulom6- 
trique cumuiee des particules constituent ladrte poudre de grenat dVttrium-aluminium . 

19. Poudre de grenat tfyttrium-aluminium selon la revervJication 17 ou 18. caracteris^e en ce qu'une partie des Ye- 
menis dVtlrium sont remplac6s par au nmins un nrtdlal choisi parmi les 6l6ments de terre rare, le chrome, le cobalt 

35 et le nickel. 

20. Poudre de grenat dVttrium-aluminium comprenant des particules poly6driques ayant chacune au moins 6 plans, 
qui est prepar^e par calcination d'oxyde d'yttrium et/6u un pr6curseur d'oxyde d'yttrium qui ehgendre de I'oxyde 
d'yttrium par chauffage. et d'oxyde d'alumlnkim ettou un prtojrseur d'oxyde d'alumiraum qui engendre de Poxyde 

40 d*alumintum par chauflage. dans une atmosphere oontenant au moins un gaz choisi dans le groupe form6 par: 

(1) un halogenure dliydrogene. 

(2) un compose prepare e partir d'halogene moieculaire et de vapeur et 
^) un halogene nraieculaira 

45 

21. Poudre de grenat dVttrium-aluminium selbn la revendicalion 20, caracterisee en ce qu'une partie des elements 
dVttrium sont remplaces per au moins un m6td choisi parmi les elements de terre rare, le chrome, le cot>alt et le 
nickel. 

50 22. Poudre de grenat dVttrium-aluminium sek)n la revendicatk)n 20, caracterisee en ce que ladite atnx>sphere de gaz 
contient au moins 1 % en volume dudit halogenure dliydrogene, ou au moins 1 % en volume dudit halogene moie- 
culaire, ou lecfit compose gazeux etant prepare k partir d'au moirs 1 % en volume dudit hak)gene moieculaire et 
d'au moins 0.1 % en volumede vapeur. 

55 23. Poudre de grenat d'yttrium-aluminium selon la revendication 20, caracterisee en ce que ledit hak)genure d'hydro- 
gene (1) est le chlaure d'hydrogene ou le txomure d'hydrogene, et ledIt tiatogdne moieculaire dans (2) ou (3) est 
le chlore ou le tKome. 
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24. Proc6d6 de preparation d*une poudre d'oxyde m^tallique oomplexe compreriant au moins deux 6l6ments m6talli- 
ques. led'rt proc^6 comprenant la calcination d*un melange d*au moins deux poudres tfoxydes m^lliques et/ou 
des pr^curseurs en poudre d'oxydes m6talliques, ou un pr^rseur en poudre d'oxydes nfi§talliques comprenant 
au moins deux ^^ments m^tailiques dans une atmosphere contenant au moins un gaz choisi dans ie groupe form6 

5 par: 

(1) un hak)g6nure d'hydrogfene. 

(2) un compose prepare § partir dlialogene mol6culaire et de vapeur et 

(3) un halogene moieculalre. 

10 

25. Precede selon la revendication 24. caracterise en ce que Ie gaz contenu dans ladite atmosphere de gaz est un 
halogenure dTiydrogene. 

26. Precede selon la revendication 25» caracterise en ce que ledit halogenure dhydrogene est Ie chlorure dliydrogene, 
IS Ie bromure dliydrogene ou Hodure d*hydrogene. 

27. Precede selon la revendication 25. caracterise en ce que la concentration dudit halogenure dTiydrogene dans 
ladite atmosphere de gaz est au moins 1 % en vduma 

20 28. Precede selon la revencfication 24, caracterise en ce quels gaz comenu dans ladite 
compose prepare d partir dTialogene mol6culaire et de vapeur. 

29. Precede selon la revendication 28, caracterise en ce que ledit halogene moieculaire est Ie chlore. Ie brome ou 

rioda 

2S 

30. Precede selon la revendication 28, caracterise en ce que ledit compose prepare k partir dlialogene moieculaire et 
de vapeur est un compose prepare d partir d'au moins 1 % en volume dudit halogene moieculaire et d*au moins 
0,1 % en volume de vapeur, tous deux par rapports ladite atmosphere de gaz. 

30 31. Precede selon la revendication 24, caracterise en ce que Ie gaz contenu dans Imiite atmosphere de gaz est un 
halogene moieculaire. ledit halogene moieculaire etant Ie chlore. Ie brome ou node, et la concentration dudit 
halogene moieculaire dans ladite atmosphere de gaz etant tfau moins 1 % en volume. 

32. Precede selon la revendication 24. caracterise en ce que la masse vdumique apparente dudit melange d'au moins 
35 deux poudres d'oxydes metaifiques et/ou des precurseurs en poudre d'oxydes metalliques. ou dudit precurseur en 

poudre d'oxydes metalliques comprenant au moins deux elements metalliques est egale e 40 % ou moins de la 
masse volumique theorique. 

33. Precede selon la revendication 24. caracterise en ce que ladite poudre d'oxyde metallique complexe est obtenue 
40 e un endroit ou est present tedit melange d'au moins deux poudres d*oxydes metaifiques et/ou des precurseurs en 

poudre d'oxydes metalliques, ou ledit precurseur en poudre d*Qxydes metalliques comprenant au moins deux ele- 
ments m6tallique& 

34. Precede seton la revencScation 24. caracterise en cequ'aurnoinslesdits deux m6^ 
45 m6tauxexchiantunecombffiaisondemetauxalcafins8eul& 

3& Precede selon la revendication 24. caracterise en ce que ladite poudre d'oxyde metallique oomplexe est une pou- 
dre en solution solide d'oxydes metallique& 

so 36. Precede sebn la revendication 34, caracterise en ce que ladite poudre d'oxyde metallique complexe est une pou- 
dre d'Gxyde metallique complexe ayant une structure grenat representee par la formula: 

(Ma)3(Mb)2[(Mc)04]3 (I) 

55 dans laquelle Ma. Mb et Mc sent semblables ou differents et representent chacun au moins un element metallique. 
e condition que tous les M^, Mq et Mq ne soient pas Ie meme element metalliqua 

37. Precede selon la revendication 36. caracterise en ce que est au moins un element choisi dans Ie groupe forme 
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par le cuivre. le magnfeium. le calcium, les 6l6ments de terre rare, le bismuth el le mangan^. et Mq et Mq sort 
semWaWes ou diff6rerTts et sort chacun au moins un 6l6mert choisi dans le groupe fbrm6 par le zinc, le scandium, 
ralumlnium, le gallium. Hndium, le tHane, le zirconium, le silicium. le genranium, V&san, le vanadium, le chrome, le 
mangan^. le fer. le cobalt et le nickel. 

5 

38. Proc6d6 selon la revendication 37. car^6ris6 en ce que Ma est ryttrium et Mb et Mc sort lous deux Paluminium. 

39. Proc6d6 selon la revendication 37. caract6ris6 en ce que M^ est lyttrium dort une partie est renplac6e par un 
autre 6l6mert de terre rare, et M^ et Mq sort tous deux {'aluminium. 

10 

40. Proc6d6 selon la revendication 39. caract^ris^ en ce que ledit autre 6l^ert de terre rare est le terbium ou le dys- 
prosium. 



41. Proc6d§ selon la revendication 37. caract6ris6 en ce que M^ est le dysprosium, et Mb et Mq sort tous deux Palu- 
IS , minium. 



42. Proc6d6 selon la revendication 37. caract6ri86 en ce que Ma est un 6l6mert de terre rare, et Mq et Mn sort tous 
deuxlefer. 



43. Proc6d6 selon la revendication 42, caract6ris6 en ce que ledit 6l6mert de ten^e rare est l-yttrium, le gadoinium ou 
le dysprosium. 



44. Proc6d6 selon la revendication 35. caract6ris§ en ce que ladrte solution soBde est me solution soHde tfoxyde de 
ziroonium et tfoxyde dVttrium. 

2S 

45. Proc§d6 selon Tune des rerendications 24 d 44. caract^s6 en ce que ladite calcination est effectu^e en presence 
d'Ungennecrislallln. 

46. Proc6d6 selon la revendication 45. caract6ris6 en ce que la masse volum6trique apparerte dudit gemie cristallin 
30 est 6gale d 40 % ou moins de la masse volum6trique th6oriqua 
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